SUMMARY Patients with muscular dystrophy were investigated with Macro EMG to study activity from whole individual motor units, and with Scanning EMG to study the distribution of activity within the motor unit. Macro motor unit potentials were normal or only slightly reduced in amplitude. In Scanning EMG the units had unchanged mean length compared with normal, but an uneven distribution of the activity. This was also seen in severely weak muscles. The findings are interpreted to be the result of degenerative and regenerative processes, giving rise to remodelling of the motor unit.
The local fibre density (FD) measured with single fibre electromyography (SFEMG) is increased in muscular dystrophies. '-3 An increased FD is commonly seen in neurogenic disorders where it is interpreted as a sign of reinnervation, giving dense motor units with increased number of fibres.4 In these cases the concentric needle EMG (CNEMG) also indicates an increase in number of muscle fibres in the motor unit within the pick-up area of the electrode. In muscular dystrophies, however, CNEMG does not indicate dense motor units. Instead the typical findings of reduced duration and amplitude of the motor unit potentials are considered to reflect smaller than normal motor units.5 Thus in muscular dystrophies the two techniques give apparently contradictory findings. This may be due to the difference in pick up area of the two electrodes, although the concentric electrode is also relatively selective, recording from only a small part of the entire motor unit.6 In order to estimate whether the dystrophic motor unit is small, as suggested by CNEMG or large as might be concluded from the SFEMG recordings, information about the whole motor unit should be of value. Techniques have recently been developed that provide such information. With Macro EMG, a less selective recording of the electrical activity from the whole motor unit is obtained.' In this method the activity in a voluntarily activated motor unit is recorded from the large bare terminal portion of an intramuscular electrode. With
Motor unit size in muscular dystrophy, a macro EMG and scanning EMG study ager and the oscilloscope sweep. The number of spike components in the triggering SFEMG recording is used to calculate FD. In order to include also activity preceding the triggering moment, the Macro signal is delayed 40 ms and fed to a computer, in which 80 ms (40 ms before and after the triggering) of the sweep is averaged in two alternating buffers. The averaging is accepted when the point-to-point difference in the two buffers is less than a preset value which is typically reached after 20-200 epochs of averaging. The obtained signal is called the Macro motor unit potential, Macro MUP. In the analysis of the Macro MUP the initial and terminal 10 ms are used to define the baseline. The peak to peak amplitude and the area under the signal during the remaining 60 ms is calculated.
Activity from motor units that may have a tendency to discharge synchronously with the studied motor unit may disturb the recording. In contrast to the rigid time locking between components in the same motor unit (jitter less than 0-1 ms) there is a large variation in the locking between action potentials from different motor units also when they tend to fire together. The term semisynchronous is used to denote this phenomenon. As a control of the semisynchronous activity the following procedure is used. In a separate memory the rectified Macro signal is averaged. When the data collection is finished the averaged original signal is rectified and subtracted from the resulting average of the rectified signal. A deflection in the remaining signal will indicate semisynchronous activity and the off-set the amount of background activity. In two patients the effect of interference from other units on the Macro MUP was studied. The same Macro MUPs were recorded during minimal contraction when the Macro unit was visible without averaging and during more forceful contraction, when it was hidden in the background activity. The units could increase in amplitude and area, due mainly to an increased late positive phase. There was usually a computer indication of semisynchronous activity, which resulted in rejection of the recording. When there was no such indication, the Macro MUPs showed little or no increase (up to 15% amplitude increase), even when the background activity was clearly higher than that which occurred in the main investigation ( fig 5) .
The patients were also instructed to produce a slight voluntary tremor in the studied muscle. This was detected by the computer before any increase in the MUP was noted.
The computer pattern recognition programme was tried on the MUPs from the six patients who fell within the required age limit. Of the 52 MUPs with amplitudes above 150 ,uV, 46% were classified as abnormal. Of the total 136 recorded MUPs in these patients 2-2% were outside the amplitude limits.
In biceps RFD and mean of the relative Macro MUP amplitude showed a positive correlation r = 0.71 (p < 0.004). In tibialis anterior there was a positive correlation between strength and mean of the relative Macro amplitude r = 0-55 (p < 0.01). This is similar to the findings in normals.
In the dystrophic muscles the motor unit activity seemed to change more dramatically compared with normals, with abrupt changes in amplitude and duration of the unit. Within a unit, the appearance of the activity could vary considerably from being simple to highly complex and polyphasic and also from short to long duration. The units were significantly more often fragmented into groups which were separated by silent areas.
A muscle biopsy had been performed in 16 of the patients (although some years previous to this study in some patients). The LG patients had all clearly abnormal biopsies with increased fibre diameter variation, often fibre splitting, but no Since technical factors cannot explain the relatively high Macro MUPs other mechanisms must be considered. The typical morphological findings in dystrophic muscles is increased fibre diameter variation and decreased mean fibre diameter. '3 In computer simulation the effect of pure atrophy on Macro MUP has been studied. ' 2 With a decrease in average fibre diameter from 55 um to 43,um and normal or increased diameter variation the Macro MUP amplitude was reduced by up to 24%. When the atrophy was accompanied by a corresponding general shrinkage of the motor unit territory the Macro MUP was only slightly reduced compared with values obtained with normal motor unit parameters. This is due to a reduced average distance between the electrode and the fibres. The model is in agreement with findings of slightly reduced Macro MUPs in disuse atrophy with a normal number but atrophic muscle fibres and reduced muscle volume (unpublished observation). In Scanning EMG there was no significant difference in motor unit cross section in muscular dystrophies, even in atrophic muscles, compared with normal. Thus there was no evidence of pronounced motor unit shrinkage. In summary the effect of atrophy on the Macro MUP may theoretically be counteracted by shrinkage and there are no indications that the amplitude will be increased above normal.
Another factor of importance for the size of the Macro MUP is the temporal dispersion of the single fibre action potentials within the motor unit. An increased synchronicity of action potentials should increase the Macro MUP, but such a situation is unlikely to occur. A desynchronization on the other hand of the action potentials in the motor unit in muscular dystrophies is more likely. This is supported by the observations of: increased variability of fibre diameter typically seen in muscular dystrophies,'3 a greatly increased end-plate scatter in Duchenne dystrophy, '4 
